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1
SOLID-STATE IMAGE SENSOR AND
CAMERA UTILIZING LIGHT ATTENUATING
FILMS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solid-state image sensor
and camera.

2. Description of the Related Art

Japanese Patent Laid-Open No. 2004-32059 describes that
in order to widen the dynamic range of a solid-state image
sensor, a highly sensitivity pixel and low sensitive pixel are
formed, and a microlens is formed in only the highly sensi-
tivity pixel of the highly and low sensitivity pixels.

To obtain a wider dynamic range, however, the idea
described in Japanese Patent Laid-Open No. 2004-32059 is
insufficient. In particular, Japanese Patent Laid-Open No.
2004-32059 has no idea of attenuating light entering the low
sensitive pixel in order to widen the dynamic range on a
high-illumination side, that is, widen the dynamic range of
the low sensitive pixel.

SUMMARY OF THE INVENTION

The present invention provides a technique advantageous
in further widening a dynamic range.

One of aspects of the present invention provides a solid-
state image sensor comprising a plurality of first pixels each
including one of a red color filter, a green color filter, and a
blue color filter, and a plurality of second pixels each includ-
ing one of a red color filter, a green color filter, and a blue
color filter, wherein each of the plurality of first pixels
includes a first photoelectric converter, and a first light trans-
missive portion arranged above the first photoelectric con-
verter, and each of the plurality of second pixels includes a
second photoelectric converter, and a second light transmis-
sive portion arranged above the second photoelectric con-
verter, in the first pixel and the second pixel including color
filters of the same color, light transmittances of the first light
transmissive portion and the second light transmissive por-
tion are different, and a light transmittance of the first light
transmissive portion of the first pixel including the red color
filter is lower than that ofthe first light transmissive portion of
the first pixel including the green color filter, and a light
transmittance of'the first light transmissive portion of the first
pixel including the green color filter is lower than that of the
first light transmissive portion of the first pixel including the
blue color filter.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of a solid-state image
sensor of a reference example;
FIG. 2 is a sectional view taken along a line A-B in FIG. 1;
FIG. 3A is a sectional view taken along a line C-D in FIG.
1;
FIG. 3B is a sectional view taken along a line E-F in FIG.
1;
FIG. 4A is a plan view of a first pixel in the reference
example;
FIG. 4B is a plan view of a second pixel in the reference
example;
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2

FIG. 5 is a view for explaining the widening of a dynamic
range;

FIG. 6 is a sectional view taken along the line A-B in FIG.
1 in the reference example;

FIG. 7A is a plan view of the first pixel in the reference
example;

FIG. 7B is a plan view of the second pixel in the reference
example;

FIG. 8 is a sectional view taken along the line A-B in FIG.
1 in the reference example;

FIG. 9A is a plan view of the first pixel in the reference
example;

FIG. 9B is a plan view of the second pixel in the reference
example;

FIG. 10A is a sectional view taken along the line C-D in
FIG. 1 in the reference example;

FIG. 10B is a sectional view taken along the line E-F in
FIG. 1 in the reference example;

FIG. 11 is a sectional view taken along the line A-B in FIG.
1 in the reference example;

FIG. 12 is a schematic plan view of a solid-state image
sensor of the first embodiment;

FIG. 13 is a sectional view taken along a line A-B in FIG.
12; and

FIG. 14 is a schematic plan view of a solid-state image
sensor of the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 is a schematic plan view of a solid-state image
sensor 10 of a reference example. The solid-state image sen-
sor 10 includes a pixel array 110 in which a plurality of pixels
are arranged to form a plurality of rows and a plurality of
columns. In the solid-state image sensor 10, the plurality of
pixels forming the pixel array 110 include a plurality of first
pixels 111 and a plurality of second pixels 112. In the first
embodiment, the first pixels 111 are low sensitive pixels, and
the second pixels 112 are highly sensitivity pixels. However,
the first pixels 111 may also be highly sensitivity pixels, and
the second pixels may also be low sensitive pixels. The
dynamic range can be widened by generating one signal
based on signals of the first pixels 111 and second pixels 112.

The solid-state image sensor 10 includes a row selecting
circuit 130 for selecting a row of the pixel array 110, a readout
circuit 140 for reading out signals output from pixels on a
selected row of the pixel array 110, and an output circuit 150
for processing signals output from the readout circuit 140 and
outputting the processed signals. The readout circuit 140 can
be designed to output, to the output circuit 150, signals read
out from the first pixel 111 and second pixel 112 adjacent to
each other as separate signals. Alternatively, the readout cir-
cuit 140 may synthesize signals read out from the first pixel
111 and second pixel 112 adjacent to each other into one
signal, and output the synthetic signal to the output circuit
150. The readout circuit 140 may also include an A/D con-
verter, and a processing circuit for processing a signal con-
verted by the A/D converter.

FIG. 2 is a sectional view taken along a line A-B in FIG. 1.
FIG. 3A is a sectional view taken along a line C-D in FIG. 1.
FIG. 3B is a sectional view taken along a line E-F in FIG. 1.
FIGS. 4A and 4B are plan views of the first pixel 111 and
second pixel 112, respectively. The first pixel 111 includes a
first photoelectric converter 201, and a first light transmissive
portion 221 arranged above the first photoelectric converter
201. The second pixel 112 includes a second photoelectric
converter 202, and a second light transmissive portion 222
arranged above the second photoelectric converter 202. The



US 9,305,954 B2

3

first and second photoelectric converters 201 and 202 can be
formed in a semiconductor substrate SB. The first and second
light transmissive portions 221 and 222 have different light
transmittances. In the reference example, the first pixel 111 is
a low sensitive pixel, and the second pixel 112 is a highly
sensitivity pixel, so the light transmittance of the first light
transmissive portion 221 is made lower than that of the second
light transmissive portion 222. In other words, the ratio of the
amount of light reaching the first photoelectric converter 201
to the amount of light having entered the first light transmis-
sive portion 221 is lower than the ratio of the amount of light
reaching the second photoelectric converter 202 to the
amount of light having entered the second light transmissive
portion 222.

The first light transmissive portion 221 includes a first light
attenuating film 211, the second light transmissive portion
222 includes a second light attenuating film 212, and the
lower surfaces of the first and second light attenuating films
211 and 212 can exist at the same height with respect to the
surface of the semiconductor substrate SB. The first and sec-
ond light attenuating films 211 and 212 function as members
for attenuating light.

The first light transmissive portion 221 can include a first
insulating film 215. The first insulating film 215 is in contact
with the first light attenuating film 211 and made of a material
different from that of the first light attenuating film 211. The
second light transmissive portion 222 can include a second
insulating film 216. The second insulating film 216 is in
contact with the second light attenuating film 212 and made of
a material different from that of the second light attenuating
film 212. When the first and second light attenuating films 211
and 212 are made of the same material, the thickness of the
first light attenuating film 211 is made larger than that of the
second light attenuating film 212 so as to make the light
transmittance of the first light transmissive portion 221 lower
than that of the second light transmissive portion 222. The
first and second light attenuating films 211 and 212 can be
made of, for example, polysilicon. The first and second light
attenuating films 211 and 212 respectively cover at least
portions of the first and second photoelectric converters 201
and 202.

The first pixel 111 can have a first opening OP1 formed in
alight-shielding layer 230, and the second pixel 112 can have
a second opening OP2 formed in the light-shielding layer
230. In the light-shielding layer 230, a portion that defines the
first opening OP1 and a portion that defines the second open-
ing OP2 can be either continuous or separated from each
other. The light-shielding layer 230 may also function as a
wiring layer.

The solid-state image sensor 10 can include a color filter
layer 240 above the first and second light transmissive por-
tions 221 and 222. The solid-state image sensor 10 can also
include an optical member array (for example, a microlens
array) 250 above the first and second light transmissive por-
tions 221 and 222, for example, above the color filter layer
240. The optical member array 250 can include first optical
members 251 formed for the first pixels 111, and second
optical members 252 formed for the second pixels 112. In the
reference example as described above, to form the first pixel
111 as a low sensitive pixel and the second pixel 112 as a
highly sensitivity pixel, the light transmittance of the first
light transmissive portion 221 is made lower than that of the
second light transmissive portion 222. Under the condition,
the amount of light entering the first light transmissive portion
221 through the first optical member 251 is preferably smaller
than that of light entering the second light transmissive por-
tion 222 through the second optical member 252. This makes
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it possible to increase the sensitivity difference between the
first and second pixels 111 and 112, and widen the dynamic
range. The first optical member 251 can be, for example, a
parallel plate member or a microlens (for example, a concave
lens or convex lens). The second optical member 252 can be
a microlens.

When the solid-state image sensor 10 is designed as a MOS
sensor, each of the first and second pixels 111 and 112 can
have a transfer gate 270 for transferring an electric charge
stored in the first or second photoelectric converter 201 or 202
to a floating diffusion 260.

The widening of the dynamic range will be explained with
reference to FIG. 5. The level (voltage) of a signal VH of the
first pixel 111 formed as a highly sensitivity pixel becomes a
saturated level Vsat corresponding to a saturated charge quan-
tity with a light amount 12. Since the saturated level of a pixel
varies, the signal VH of the first pixel 111 formed as a highly
sensitivity pixel is used to a level V1 corresponding to a
highly linear light amount 11, and a signal VL, of the second
pixel 112 formed as a low sensitive pixel is used after the light
amount I1 is exceeded. A synthetic signal VT can be obtained
by adding the level of the signal VL to the level V1 of the
signal VH corresponding to the light amount I1. Conse-
quently, a detectable light amount becomes O to 13, and the
dynamic range widens.

In the example shown in FIGS. 2, 3A, 3B, 4A, and 4B, the
light transmittances of the first and second light transmissive
portions 221 and 222 are made different from each other by
making the light transmittances of the first and second light
attenuating films 211 and 212 of the first and second light
transmissive portions 221 and 222 different from each other.
Instead, as shown in FIGS. 6, 7A, and 7B, the light transmit-
tances of the first and second light transmissive portions 221
and 222 can also be made different from each other by remov-
ing the second light attenuating film 212 of the second light
transmissive portion 222.

FIGS. 8, 9A, 9B, 10A, and 10B illustrate first and second
light attenuating films 281 and 282 that can be formed instead
of or together with the first and second light attenuating films
211 and 212. The first and second light attenuating films 281
and 282 can be arranged in positions higher than the transfer
gate 270 with respect to the surface of the semiconductor
substrate SB. Each of the first and second light attenuating
films 281 and 282 can be formed by a metal film or metal
compound film having a thickness so determined as to trans-
mit light.

As shown in FIG. 11, in the arrangement in which the light
transmittance of the first light transmissive portion 221 is
lower than that of the second light transmissive portion 222,
the area of the first opening OP1 of the first pixel 111 may be
made smaller than that of the opening OP2 of the second pixel
112. This makes it possible to increase the sensitivity differ-
ence between the first and second pixels 111 and 112, and
widen the dynamic range.

A solid-state image sensor 10 of the first embodiment of the
present invention will be explained with reference to FIGS.
12 and 13. Note that items not mentioned in the first embodi-
ment can follow those of the reference example. FIG. 12 is a
schematic plan view of the solid-state image sensor 10 of the
first embodiment of the present invention. FIG. 13 is a sec-
tional view taken along a line A-B in FIG. 12. The solid-state
image sensor 10 of the first embodiment includes red (R)
pixels 303 and 304, green (G) pixels 305 and 306, and blue
(B) pixels 307 and 308. The color of a pixel is determined by
the color of a color filter arranged in a color filter layer 240.
That is, the pixels 303 and 304 are pixels including color
filters of red (for example, a first color), the pixels 305 and 306
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are pixels including color filters of green (for example, a
second color), and the pixels 307 and 308 are pixels including
color filters of blue (for example, a third color).

Of'the red pixels 303 and 304, the pixel 303 corresponds to
the first pixel 101 in the reference example, and the pixel 304
corresponds to the second pixel 102 in the reference example.
Similarly, of the green pixels 305 and 306, the pixel 305
corresponds to the first pixel 101 in the reference example,
and the pixel 306 corresponds to the second pixel 102 in the
reference example. Of the blue pixels 307 and 308, the pixel
307 corresponds to the first pixel 101 in the reference
example, and the pixel 308 corresponds to the second pixel
102 in the reference example.

In the first embodiment, the light transmittance of a first
light transmissive portion 221 of the first pixel having a color
filter of a given color is different from that of the first light
transmissive portion 221 of the first pixel having a color filter
of a different color.

A more practical example will be explained below. The red
pixels 303 and 304 have the peak of the spectral sensitivity
characteristic at a wavelength near, for example, 600 nm. The
pixel 303 is the first pixel as a low sensitive pixel, and the pixel
304 is the second pixel as a highly sensitivity pixel. The green
pixels 305 and 306 have the peak of the spectral sensitivity
characteristic at a wavelength near, for example, 550 nm. The
pixel 305 is the first pixel as a low sensitive pixel, and the pixel
306 is the second pixel as a highly sensitivity pixel. The blue
pixels 307 and 308 have the peak of the spectral sensitivity
characteristic at a wavelength near, for example, 450 nm. The
pixel 307 is the first pixel as a low sensitive pixel, and the pixel
308 is the second pixel as a highly sensitivity pixel.

The red first pixel 303 includes a first photoelectric con-
verter 201, and a first light transmissive portion 221R
arranged above the first photoelectric converter 201. The red
second pixel 304 includes a second photoelectric converter
202, and a second light transmissive portion 222R arranged
above the second photoelectric converter 202. The green first
pixel 305 includes a first photoelectric converter 201, and a
first light transmissive portion 221G arranged above the first
photoelectric converter 201. The green second pixel 306
includes a second photoelectric converter 202, and a second
light transmissive portion 222G arranged above the second
photoelectric converter 202. The blue first pixel 307 includes
a first photoelectric converter 201, and a first light transmis-
sive portion 221B arranged above the first photoelectric con-
verter 201. The blue second pixel 308 includes a second
photoelectric converter 202, and a second light transmissive
portion 222B arranged above the second photoelectric con-
verter 202. First light attenuating films 323, 325, and 327 of
the first light transmissive portions 221R, 221G, and 221B
and second light attenuating films 324, 326, and 328 of the
second light transmissive portions 222R, 222B, and 222G can
be made of, for example, polysilicon.

A light transmittance R1 of the first light transmissive
portion 221R is lower than a light transmittance R2 of the
second light transmissive portion 222R. A light transmittance
G1 of the first light transmissive portion 221G is lower than a
light transmittance G2 of the second light transmissive por-
tion 222G. A light transmittance B1 of the first light trans-
missive portion 221B is lower than a light transmittance B2 of
the second light transmissive portion 222B. Also, R1<G1<B1
and R2<G2<B2 hold.

A film thickness TR1 of the first light transmissive portion
221R is larger than a film thickness TR2 of the second light
transmissive portion 222R. A film thickness TG1 of the first
light transmissive portion 221G is larger than a film thickness
TG2 of the second light transmissive portion 222G. A film

10

15

20

25

30

35

40

45

50

55

60

65

6
thickness TB1 of the first light transmissive portion 221B is
larger than a film thickness TB2 of the second light transmis-
sive  portion 222B. Also, TRI1>TG1>TB1 and
TR2>TG2>TB2 hold.

Polysilicon has a spectral sensitivity characteristic by
which the light transmittance increases toward a long-wave-
length side in the wavelength region of visible light. Accord-
ingly, when the first light attenuating films 323, 325, and 327
and second light attenuating films 324, 326, and 328 are made
of polysilicon, the color balance worsens if their film thick-
nesses are determined without taking account of the spectral
sensitivity characteristic of polysilicon. In the second
embodiment, therefore, first light attenuating films 323, 325,
and 327 and second light attenuating films 324, 326, and 328
are formed such that R1<G1<Bl and R2<G2<B2
(TR1>TG1>TB1 and TR2>TG2>TB2) hold.

A solid-state image sensor 10 of the second embodiment of
the present invention will be explained with reference to F1G.
14. Note that items not mentioned in the second embodiment
can follow those of the first embodiment. In the second
embodiment, as shown in FIG. 14, a red (R) pixel group (303
and 304), a green (G) pixel group (305 and 306), and a blue
(B) pixel group (307 and 308) form a Bayer array. The red
pixel group includes one first pixel (low sensitive pixel) 303
and three second pixels (highly sensitivity pixels) 304. The
green pixel group includes one first pixel (low sensitive pixel)
305 and three second pixels (highly sensitivity pixels) 306.
The blue pixel group includes one first pixel (low sensitive
pixel) 307 and three second pixels (highly sensitivity pixels)
308. In this arrangement, the barycenter of a low sensitive
pixel can be positioned close to that of (three) highly sensi-
tivity pixels forming the same pixel group as that of the low
sensitive pixel. The second embodiment is also applicable to
another color filter array.

The features of the present invention do not limit the struc-
ture of a pixel and the method of a solid-state image sensor.
For example, the present invention is applicable to MOS
solid-state image sensors having various pixel arrangements,
and is also applicable to CCD solid-state image sensors hav-
ing various pixel arrangements.

As an application example of the solid-state image sensor
according to each of the above embodiments, a camera incor-
porating the solid-state image sensor will be explained below.
The concept of the camera includes not only an apparatus
whose main purpose is imaging, but also an apparatus (for
example, a personal computer or portable terminal) having an
imaging function as an auxiliary function. The camera can
include the solid-state image sensor according to the present
invention exemplified in the above-mentioned embodiments,
and a processing unit that processes an output signal from the
solid-state image sensor. This processing unit can include an
A/D converter, and a processor that processes digital data
output from the A/D converter.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-048489, filed Mar. 11, 2013, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:
1. A solid-state image sensor comprising a plurality of first
pixels each including one of a red color filter, a green color
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filter, and a blue color filter, and a plurality of second pixels
each including one of a red color filter, a green color filter, and
a blue color filter, wherein
each of the plurality of first pixels includes a first photo-
electric converter, and a first light transmissive portion
having a first light attenuating film and arranged above
the first photoelectric converter, and each of the plurality
of second pixels includes a second photoelectric con-
verter, and a second light transmissive portion having a
second light attenuating film and arranged above the
second photoelectric converter,
the first and the second light attenuating films for the same
color are configured such that light transmittances of the
first and second light transmissive portions of the same
color are different, and

the first attenuating film is further configured such that a

light transmittance of the first light transmissive portion
of the first pixel including the red color filter is lower
than that of the first light transmissive portion of the first
pixel including the green color filter, and a light trans-
mittance of the first light transmissive portion of the first
pixel including the green color filter is lower than that of
the first light transmissive portion of the first pixel
including the blue color filter.

2. The sensor according to claim 1, wherein

the first pixel has a first opening formed in a light-shielding

layer, and the second pixel has a second opening formed
in the light-shielding layer, and

alight transmittance of the first light transmissive portion is

lower than that of the second light transmissive portion,
and an area of the first opening is smaller than that of the
second opening.

3. The sensor according to claim 1, wherein

the first pixel includes a first optical member above the first

light transmissive portion, and the second pixel includes
a second optical member above the second light trans-
missive portion, and

alight transmittance of the first light transmissive portion is

lower than that of the second light transmissive portion,
and an amount of light entering the first light transmis-
sive portion through the first optical member is smaller
than that of light entering the second light transmissive
portion through the second optical member.

4. The sensor according to claim 1, wherein the first light
transmissive portions of the plurality of first pixels and the
second light transmissive portions of the plurality of second
pixels are arranged below a layer where the red, green and
blue color filters of the plurality of first pixels and the red,
green and blue color filters of the plurality of second pixels
are arranged.

5. The sensor according to claim 1, wherein the first pho-
toelectric converters of the plurality of first pixels and the
second photoelectric converters of the plurality of second
pixels have the same size.

6. A solid-state image sensor, comprising a plurality of first
pixels each including one of a red color filter, a green color
filter, and a blue color filter, and a plurality of second pixels
each including one of a red color filter, a green color filter, and
a blue color filter, wherein

each of the plurality of first pixels includes a first photo-

electric converter, and a first light transmissive portion
arranged above the first photoelectric converter, and
each of the plurality of second pixels includes a second
photoelectric converter, and a second light transmissive
portion arranged above the second photoelectric con-
verter,
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in the first pixel and the second pixel including color filters
of the same color, light transmittances of the first light
transmissive portion and the second light transmissive
portion are different from each other,

a light transmittance of the first light transmissive portion
of the first pixel including the red color filter is lower
than that of the first light transmissive portion of the first
pixel including the green color filter, and a light trans-
mittance of the first light transmissive portion of the first
pixel including the green color filter is lower than that of
the first light transmissive portion of the first pixel
including the blue color filter, and

the first photoelectric converter and the second photoelec-
tric converter are formed in a semiconductor substrate,
the first light transmissive portion includes a first light
attenuating film, the second light transmissive portion
includes a second light attenuating film, and the first
light attenuating film and the second light attenuating
film are made of the same material and have thicknesses
different from each other.

7. The sensor according to claim 6, wherein lower surfaces
of the first light attenuating film and the second light attenu-
ating film exist at the same height with respect to a surface of
the semiconductor substrate.

8. The sensor according to claim 6, wherein the first light
transmissive portion includes a first insulating film contacting
the first light attenuating film and made of a material different
from that of the first light attenuating film, and the second
light transmissive portion includes a second insulating film
contacting the second light attenuating film and made of a
material different from that of the second light attenuating
film.

9. The sensor according to claim 6, wherein the first light
attenuating film and the second light attenuating film are
made of polysilicon.

10. The sensor according to claim 6, wherein each of the
first light attenuating film and the second light attenuating
film is formed by one of a metal film and a metal compound
film whose thickness is determined such that light is trans-
mitted.

11. A camera comprising:

a solid-state image sensor comprising a plurality of first
pixels, each including one of a red color filter, a green
color filter, and a blue color filter, and a plurality of
second pixels, each including one of a red color filter, a
green color filter, and a blue color filter; and

a processing unit configured to process an output signal
from the solid-state image sensor, wherein

each of the plurality of first pixels further includes a first
photoelectric converter, and a first light transmissive
portion having a first light attenuating film and arranged
above the first photoelectric converter and each of the
sluralit of second sixels further includes a second pho-
toelectric converter, and a second light transmissive por-
tion having a second light attenuating film and arranged
above the second photoelectric converter,

the first and second light attenuating films for the same
color are configured such that light transmittances of the
first and second light transmissive portions of the same
color are different from each other, and

the first attenuating film is further configured such that a
light transmittance of the first light transmissive portion
of the first pixel including the red color filter is lower
than that of the first light transmissive portion of the first
pixel including the green color filter, and a light trans-
mittance of the first light transmissive portion of the first
pixel including the green color filter is lower than that of
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the first light transmissive portion of the first pixel
including the blue color filter.

12. A solid-state image sensor comprising a plurality of
first pixels each including one of a red color filter, a green
color filter, and a blue color filter, and a plurality of second 5
pixels each including one of a red color filter, a green color
filter, and a blue color filter, wherein

each of the plurality of first pixels includes a first photo-

electric converter, and a first light transmissive portion
arranged above the first photoelectric converter, and 10
each of the plurality of second pixels includes a second
photoelectric converter, and a second light transmissive
portion arranged above the second photoelectric con-
verter,

in the first pixel and the second pixel including color filters 15

of the same color, light transmittances of the first light
transmissive portion and the second light transmissive
portion of the same color are different from each other,

a light transmittance of the first light transmissive portion

of the first pixel including the red color filter is lower 20
than that of the first light transmissive portion of the first
pixel including the green color filter, and a light trans-
mittance of the first light transmissive portion of the first
pixel including the green color filter is lower than that of
the first light transmissive portion of the first pixel 25
including the blue color filter, and

the first light transmissive portion includes a first light

attenuating film, the second light transmissive portion
includes a second light attenuating film, and the first
light attenuating film and the second light attenuating 30
film are made of the same material and have thicknesses
different from each other.

#* #* #* #* #*



